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(57) A compound of the formula: 




(i) 



wherein R 1 is an aliphatic hydrocarbon group optionally having substituent(s), an aromatic hydrocarbon group optionally 
having substituent(s), a heterocyclic group optionally having substituent(s), a group of the formula: OR 1a wherein R 1a 
is a hydrogen atom or an aliphatic hydrocarbon group optionally having substituent(s), or a group of the formula: 

2 <•• 

T- 

wherein R 1b and R 1c are the same or different and each is a hydrogen atom or an aliphatic hydrocarbon group optionally 
O having substituent(s), X is a methylene group, a nitrogen atom, a sulfur atom or an oxygen atom, Y is an optionally 
CM substituted methylene group or an optionally substituted nitrogen atom, ring A is a 5 to 8-membered ring optionally 
i— substituted furtherby 1 to 4 substituent(s) selected from (1 ) an aliphatic hydrocarbon group optionally having substituent 

GL 
LU 
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Description 
Technical Field 

5 [0001] The present invention relates to a novel cycloalkene derivative having a suppressive activity on the production 
of inducible nitric oxide synthase-de rived nitric oxide (NO) production and/or a suppressive activity on the production 
of inflammatory cytokines such as TNF-a, IL-1 , IL-6 and the like, which is useful as an agent for the prophylaxis and 
treatment of diseases such as cardiac disease, autoimmune disease, inflammatory disease, central nervous system 
disease, infectious disease, sepsis, septic shock and the like, and a production method thereof and use thereof. 

10 

Background Art 

[0002] Nitric oxide (NO) has been reported to play various roles in the physiological activity in the body of mammal; 
for example, as a vasodilator in the vascular system [Pharmacol. Rev., vol. 43, 109-142 (1991)1, as a factor showing 

is tumor cell eradicating activity in the leukocyte system [Cur. Opln. Immunol., vol. 3, 65-70 (1991)], and as a neuro- 
transmitter in the nervous system [Neuron, vol. 8, 3-11 (1992)]. Basically, NO is produced from L-arginine by NO 
synthase (NOS), and to date, the presence of three kinds of isoforms of genetically nerve NOS, vascular endothelial 
NOS and inducible NOS (iNOS) has been clarified [Cell, vol. 70, pp. 705-707 (1 992)]. Based on the mode of presence, 
the former two are also referred to as constitutive NOS (cNOS) as contrasted with the latter as iNOS, 

20 [0003] The cNOS is considered to be present in the vascular endothelial cell and neurocyte, be calcium calmodulin- 
dependant, produce a small amount of NO by activation of various receptor stimulations, and to be responsible for the 
aforementioned physiological control In contrast, iNOS is known to be induced by various cytokines, bacterial lipopol- 
ysaccharides (LPS) and the like to produce a large amount of NO in a sustained manner in macrophage, neutrophile 
and the like, and to damage and hurt cells and tissues at a production site, while showing the above-mentioned phys- 

25 iological activity [Immunol. Today, vol. 13, 157-1 60 (1 992)]. Known cells and tissues that express iNOS are the afore- 
mentioned cells, as well as hepatocyte, kupffer's cell, glia cell, vascular smooth muscle cell, vascular endothelial cell, 
inner membrane of cardiac muscle, cardiac muscle cell, mesangial cell, chondrocyte, synovial cell, pancreatic p cell, 
osteoclast and the like [FASEB J., vol. 6, 3051-3064 (1992), Arch Surg., vol. 128, 396-401 (1993), J. Biol. Chem., vol. 
44, 27580-27588 (1 994), J. Cell. Biochem., vol. 57, 399-408 (1 995)]. 

30 [0004] Heretofore, L-arginlne analogs [Pharmacol. Rev., vol. 43, 1 09-1 42 (1 991 )), aminoguanidine [Br. J. Pharmacol., 
vol. 110, 963-968 (1993)], S-ethylisothiourea [J. Biol. Chem., vol. 43, 26669-26676 (1994)] and the like have been 
reported to inhibit iNOS. 

[0005] It is also known that cytokines, such as TNF-a, IL-1 , IL-6 and the like, are secreted by various cells such as 
monocyte, macrophage, lymphocyte, neutrophile, fibroblast, vascular endothelial cell and the like and widely involved 
35 in biological defense and immune system based on inflammation |Jhe Cytokine Handbook, 2nd ed Academic Press 
Limited (1994), Advances Immunol., vol. 62, 257-304 (1996)]. 

[0006] It has been clarified that TNF-a and IL-1 show activities such as (1 ) fever, (2) activation and promoted chem- 
otaxis of inflammatory cells such as macrophage, neutrophile and the like, (3) induction of inflammatory cytokines such 
as IL-1 , IL-6, IL-8, TNF, CSF and the like and acute protein, (4) promotion of production of various chemical mediators 

40 such as NO, 0 2 *. PAF, prostaglandin, leukotriene, protease and the like; and that IL-6 shows activity such as (1) intro- 
duction of acute protein, (2) increasing blood platelet, (3) differentiation and activation of lymphocyte and NK cell (4) 
growth of osteoclast, and the like. However, excess production of these cytokines and production thereof at inappro- 
priate sites and time is inconvenient for organisms. For example, these cytokines have been found to be involved in 
various diseases such as cachexia, allergic disease, rheumatoid arthritis, abscess, graft rejection, anemia, arterioscle- 

45 rosis, autoimmune disease, diabetes, central nervous system disease, inflammatory bowel disease, cardiac disease, 
hepatitis, cirrhosis, nephritis, osteoporosis, psoriasis, septic shock and the like, caused by protozoan, bacteria, fungi, 
virus, cancer and the like. It has been described that a substance that suppresses or antagonizes production of TNF- 
a, IL-1, IL-6 and the like can be a therapeutic drug of these diseases [Eur. J. Immunol., vol. 18, 951-956 (1991), 
Immunol., vol. 83, 262-267 (1994), Proc. Natl. Acad. Sci., vol. 93, 3967-3971 (1997), J. Immunol., vol. 147, 1530-1536 

so (1991), Immunol. Today, vol. 12, 404-410 (1991)]. 

[0007] Because substances that suppress NO production by INOS inducible cell, thereby to treat cardiac disease, 
autoimmune disease, inflammatory disease, septic shock and the like are considered to be effective as a prophylactic 
and therapeutic drug of various diseases, such as arteriosclerosis, myocarditis, cardiac myopathy, brain ischemic dis- 
order, Alzheimer's disease, multiple sclerosis, septic shock, rheumatoid arthritis, osteoarthritis, gastric ulcer, duodenal 

55 ulcer, ulcerative colitis, diabetes, glomerular nephritis, osteoporosis, pneumonia, hepatitis, psoriasis, graft rejection, 
pain and the like, and because the cells targeted by cytokines are diversified over, for example, the inflammation 
system, the vascular system, the central nervous system, the hematopoietic system, the endocrine system and the 
like, the biological activities thereof are considered to be diversified, too. These compounds, however, are not entirely 
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Disclosure of the Invention 




* wherein 
R 1 



(I) 



atom or an optionaliy substituted alip.Sc hyEbon a %Z ^T^l??^™" «* is a 



% U (a) 



35 



40 



X 
Y 

ring A 



aTpS hydrSrSn ST ^ " eaCh is a atom or an opflonaliy substituted 

!^SBS?= 

(1) to (4): 9 P0 ° na,ly SUbs,rtuted furthe ' "y 1 to 4 substituent(s) selected from the following 

Si en SOU. eU ^ tilUted a,iphatic "ydrocamon group. 
2 an optionally substituted aromatic hydrocarbon group 

(3) a group of the formula: OR2 wherein R2 fe Th J~ . 

carbon group and ^ R 8 hydro 9 en atom «" an optionally substituted aliphatic hydro- 

(4) a halogen atom; 

Ar is an optionally substituted aromatic hydrocarbon < 



45 ' a '"'nauc nyarocarbon group; 

a group of the formula: 
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or the formula: 

10 



15 



f^C (bD 



•j (b2) 



m is an integer of 0 to 2; and 

n is an integer of 1 to 3 where the sum of m and n is not more than 4, 

20 provided that when X is a methylene group, Y is an optionally substituted methylene group, and a salt thereof, 

which are characterized by a chemical structure where at least one of a carboxylic acid ester group or carbonyl group, 
and a sulfonamide group or sulfonyl group is substituted at a constituent carbon of 



30 and the both are substituted at two adjacent cycloalkene-constituting carbons, 

and found that the obtained compound unexpectedly has, based on its chemical structure, a superior inhibitory activity 
on NO and/or cytokine production and the like, has a superior action of inhibiting not only NO production from iNOS 
inducible cell but also production of inflammatory cytokines, can be a prophylactic and therapeutic agent more effective 
than conventional drugs, and that the compound has superior properties of a clinically useful pharmaceutical agent 

35 against the diseases such as ca'rdiac disease, autoimmune disease, inflammatory disease, septic shock and the like, 
where inflammatory cytokines, such as TNF-ct, IL-1 , IL-6 and the like, and NO are considered to not act independently 
from each other but cause progression of the diseases because of their complicated relationship. 
[0009] Accordingly, the present invention relates to: 

40 [1] a compound of the formula: 



45 



50 

wherein 




(i) 



R 1 is an optionally substituted aliphatic hydrocarbon group, an optionally substituted aromatic hydrocarbon 
group, an optionally substituted heterocyclic group, a group of the formula: OR 1a wherein R 1a is a hy- 
55 drogen atom or an optionally substituted aliphatic hydrocarbon group, or a group of the formula: 
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V (a) 

StaZ !ISlX Sme " di " erem ^ iS 8 hydr ° 9en at0m ° ran tonally suited 
Y I^^KfiKE f° m ' " , *" ta " — atom; 

(1)to(4): P ^ SUD *^ fu * erb y 1 to4subsmu e nt(s)s e iectedf rom thefollow^ 

2 an „°nt ti0na !!?' SUbStitUted aMpha,ic Mrocarbon group 
» g a " ODt,ona,| y substituted aromatic hydrocarbon qrouo 

(3) a group of the formula: OR* wherein R2 Z P ' 

hydrocarbon group and Wnerei " R ,s a "V* 0 *" ^m or an optionally substituted aliphatic 

(4) a halogen atom; 

20 ■ AC ^^o^nally substituted ammatic hydrocarbon group; 
a group of the formula: 



25 



30 



40 



x N il (b) 



is a group of the formula: 



or the formula: 



m is an integer of 0 to 2; and 

n ^nintegerof1,o3wherethesumofmandnisnotmorethan4 

ritT X iS 3 methy ' ene *"* Y fe a " ^ a «od me^iene group. 
[2] the compound of [1] wherein 



55 R 1 



(0 an aliphatic hydrocarbon group selected from r «iu , 
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groups optionally have 1 to 4 substituent(s) selected from the group consisting of heterocyclic group, 
oxo group, hydroxy group, C n ^ alkoxy group, C^q cycloalkyioxy group, C^q aryloxy group, Oj. AQ 
aralkyloxy group, heterocyclyloxy group, alkylthio group (the sulfur atom being optionally oxi- 
dized), C3. 10 cycloalkylthio group (the sulfur atom being optionally oxidized), C^q arylthio group (the 

5 sulfur atom being optionally oxidized), Cy.-jg aralkylthio group (the sulfur atom being optionally oxi- 

dized), heterocyclylthio group, heterocyclylsulfinyl group, heterocyclylsulfonyl group, nitro group, hal- 
ogen atom, cyano group, carboxyl group, C.,. 10 alkoxy-carbonyi group, cycioalkyloxycarbonyl 
group, aryloxy-carbonyl group, C^g aralkyloxy-carbonyl group, heterocyclic oxycarbonyl 
group, Cg. 10 arylcarbonyl group, alkanoyl group, C3.5 alkenoyl group, C^q aryl-carbonyloxy 

10 group, C 2 ^ alkanoyloxy group, C3.5 alkenoyloxy group, carbamoyl group optionally substituted by 1 

or 2 substituent(s) selected from alkyl, phenyl, C w acyl and C 1>4 alkoxy-phenyl), thiocarbamoyl 
group (optionally substituted by 1 or 2 substituent(s) selected from alkyl and phenyl), carbamoy- 
loxy group (optionally substituted by 1 or 2 substituent(s) selected from alkyl and phenyl), C,^ 
alkanoylamino group, C^ 10 aryl-carbonylamino group, C^^ alkoxy-carboxamido group, C^ 10 ary- 

'5 loxy-carboxamido group, C 7 . 19 aralkyloxycarboxamido group, C^. A0 alkoxy-carbonyloxy group, Cg. 10 

aryloxy-carbonyloxy group, C^g aralkyloxy-carbonyloxy group, C3_ 10 cycloalkyloxy-carbonyloxy 
group and ureido group (optionally having 1 to 3 substituent(s) selected from alkyl group and 
phenyl group) (hereinafter substituent group A) and a group consisting of C^q aryl group optionally 
having 1 to 4 substituent(s) selected from substituent group A (hereinafter substituent group 6), 

20 the aforementioned heterocyclic group is a 5 to 8-membered heterocyclic group having, be- 

sides carbon atoms, 1 to 4 hetero atom(s) selected from a nitrogen atom (optionally oxidized), an 
oxygen atom and a sulfur atom, or a fused ring thereof, which optionally has 1 to 3 substituent(s) 
selected from alkyl, hydroxy, oxo and C 1w4 alkoxy, and 

the above-mentioned substituents may form, together with an aliphatic hydrocarbon group, a 

25 fused ring optionally having 1 to 4 substituent(s) selected from substituent group B, 

(ii) Cg_ 14 aryl group optionally having 1 to 5 substituent(s) selected from a group consisting of halogen 
atom, alkyl group, alkoxy group, alkoxy-carbonyi group, carboxyl group, nitro group, 
cyano group, hydroxy group, alkanoylamino group, cycloalkyl group, Cg. 10 aryl group, hal- 
ogeno alkyl group, halogeno.C w alkoxy group, alkylthio group, alkylsulfonyl group, 

30 alkanoyl group, 5-membered aromatic heterocyclic group, carbamoyl group, alkyl-car- 

bamoyl group, alkoxy-carbonyl-C^ alkyl-carbamoyl group and 1 ,3-diacylguanidino-C^ alkyl 
group (hereinafter substituent group C), 

(iii) a 5 to 8-membered heterocyclic ring having, besides carbon atoms, 1 to 4 hetero atom(s) selected 
from a nitrogen atom (optionally oxidized), an oxygen atom and a sulfur atom, or a fused ring thereof, 

35 which heterocyclic group may have 1 to 3 substituent(s) selected from alkyl, hydroxy, oxo and 

alkoxy, 

(rv) a group of the formula: 0R 1a wherein R 1a is a hydrogen atom or an aliphatic hydrocarbon group 
selected from C,.^ alkyl group, C 3 .., 0 cycloalkyl. group, C^^ cycloalkylalkyl group, alkenyl 
group and alkynyl group optionally having substituent(s) selected from substituent group B, or 
to (v) a group of the formula: 

R 1b 

< p u (a) 

45 K 

wherein R 1b and R 1c are the same or different and each is a hydrogen atom or an aliphatic hydrocarbon 
group selected from alkyl group, C^q cycloalkyl group, C^ 2 cycloalkylalkyl group, alkenyl 
group and alkynyl group optionally having substituent(s) selected from substituent group B; 
50 X is a methylene group, a nitrogen atom, a sulfur atom or an oxygen atom; 

Y is 

(0 a methylene group optionally having substituent(s) selected from alkyl group, hydroxy sub- 
stituted-C^ alkyl group and alkoxy-carbonyl-C^ alkyl group or 
55 (ii) a nitrogen atom optionally having substituent(s) selected from C 1a6 alkyl group, hydroxy substi- 

tuted-C^g alkyl group and alkoxy-carbonyl-C,^ alkyl group; 

ring A is a 5 to 8-membered ring optionally substituted further by 1 to 4 substituent(s) selected from the following 
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(1)to(4): 



'4-12 

se- 



Ar 



« a aor. group optional having suhstituentfs, seiected from substituent group C; 
the group of the formula: 

is a group of the formula: 
or the formula: 




Cb2) 



m is an integer of o to 2; and 

" b an integer of 1 to 3 where the 8um of m and n is not more than 4, 
[3] the compound of [1 ] wherein the rinn At 

[4] the compound of [3], wherein R'» is an ethyl group 

t6J the compound of [3], wherein Ar te a group of the formu|a: 




(c) 



e 
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wherein R 3 is a halogen atom or a lower alkyl group and ring B may be further substituted by halogen atom, 
[7] the compound of [1], wherein the group of the formula: 




is a group of the formula: 




[8] the compound of [6], wherein Ar is a group of the formula: 




wherein R 38 and R 3 * are the same or different and each is a halogen atom, 

[9] the compound of [1], wherein R 1 is a group represented by OR 1a (R 1, is a hydrogen atom or an aliphatic hy- 
drocarbon group optionally having substituent(s)), m is 1, and n is 1, 

[10] the compound of [1], wherein R 1 is a group of the formula: OR 1a ' (R 1a ' is a C v6 alkyl group) , a group of the 
formula: 




is a group of the formula: 



X is methylene or an oxygen atom, Y is methylene or -NH-, Ar is a phenyl group optionally having 1 or 2 
substituent(s) selected from the group consisting of halogen atom and alkoxy, 

[11] the compound of [1], wherein R 1 is a group of the formula: OR 1a * (R 1a> is a Oj.0 alkyl group) , a group of the 
formula: 
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(b) 



is a group of the formula: 



OC 



4-carboxylate. y ' 3 ^ (2<hlor ^ ,luoro Phenyl)sulfarrK>yll-3,6-dihydro-2H-pyran- 

[13) a prodrug of the compound of [1] 

[14] a production method of a compound of the formula: 



3$0 



(la) 



wherein 

a group of the formula: 




ft>') 



is a group of the formula: 



or the formula: 



(br) 
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15 



35 



40 



50 



55 



R 1 is an optionally substituted aliphatic hydrocarbon group, an optionally substituted aromatic hydrocarbon 
group, an optionally substituted heterocyclic group, a group of the formula: OR 1a wherein R 1a is a hy- 
10 drogen atom or an optionally substituted aliphatic hydrocarbon group, or a group of the formula: 

<£ (a) 



wherein R 1b and R 1c are the same or different and each is a hydrogen atom, or an optionally sub- 
stituted aliphatic hydrocarbon group; 
x; 1 is a nitrogen atom, a sulfur atom or an oxygen atom; 
20 ring A is a 5 to B-membered ring optionally substituted further by 1 to 4 substituent(s) selected from the following 

(1)to(4): 

(1 ) an optionally substituted aliphatic hydrocarbon group, 

(2) an optionally substituted aromatic hydrocarbon group, 

25 (3) a group of the formula: OR 2 wherein R 2 is hydrogen atom or an optionally substituted aliphatic 

hydrocarbon group and 
(4) a halogen atom; 

R 4 is a hydrogen atom or an optionally substituted lower alkyt group; 

30 Ar is an optionally substituted aromatic hydrocarbon group; 

m is an integer of 0 to 2; and 

n is an integer of 1 to 3 where the sum of m and n is not more than 4, 



or a salt thereof, which method comprises reacting a compound of the formula: 



C— R 



wherein Z 1 is a leaving group and other symbols are as defined above, or a salt thereof, and a compound of the 
45 formula: 

H< (111) 
Ar 



wherein each symbol is as defined above, or a salt thereof, 
[15] a production method of a compound of the formula: 
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X 



(lb) 



wherein 
R1 



"V" (a) 

wherein R 1 *>and Ric £ 



aliphatic hydr^rbo w S8me " ^ "* fe 9 hydr ° 9e " atom ' or a " ^tuted 

ri X n 9 A Z ^"Sai^" a — or an oxygen atom; 



(1) an optionally substituted aliphatic hydrocarbon group 

3 f£ S " bSti,Uted ar0ma,ic hydrocarbon group 

(3) a group of the formula- OR2 wh™i„ os> , . . y H ' 

hydrocarbon group aTd Where " 1 te hydro 9 en atom or an optional substituted aKphatic 



2) an optionally substituted aromatic hydrocarbon 

(3) a group of the f< 
hydrocarbon group 

(4) a halogen atom; 

is an optionally substituted methylene group- 
is an optionally substituted aromatic hydroca'rbon group; 

a group of the formula: 



Y1 
Ar 
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(b2) 



m is an integer of 0 to 2; and 

n is an integer of 1 to 3 where the sum of m and n is not more than 4, 

or a salt thereof, which method comprises reacting a compound of the formula: 




o 

11 1 

C-R 



(IV) 



wherein Z 2 is a leaving group, and other symbols are as defined above, or a salt thereof, and a compound of the 
formula: 



HS— Y— Ar 



(V1) 



wherein each symbol is as defined above, or a salt thereof, and oxidizing the obtained sulfide, 
[1 6] a pharmaceutical composition containing a compound of the formula: 




C-R' 



(I) 



>CH^S0 r Y— Ar 



wherein 



R 1 is an optionally substituted aliphatic hydrocarbon group, an optionally substituted aromatic hydrocarbon 
group, an optionally substituted heterocyclic group, a group of the formula: OR 1a wherein R la is a hy- 
drogen atom or an optionally substituted aliphatic hydrocarbon group, or a group of the formula: 

wherein R 1b and R 1c are the same or different and each is a hydrogen atom or an aliphatic hydrocarbon 

group optionally having substituent (s) ; 
X is a methylene group, a nitrogen atom, a sulfur atom or an oxygen atom; 
Y is an optionally substituted methylene group or an optionally substituted nitrogen atom; and 
ring A is a 5 to 8-membered ring optionally substituted further by 1 to 4 substituent(s) selected from the following 

(1)to(4): 

(1) an optionally substituted aliphatic hydrocarbon group, 



13 



10 



15 



20 



25 



EP 1209 149 A1 

> group, 



• 



(2) an optional substituted aromatic hydrocarbon u 

(3) a group of the formula: OR* wherein 

hydrocarbon group and R " 3 hydro 9 en atom " optionally substituted aliphatic 

(4) a haJogen atom; 

is an optionally substituted aromatic hydrocarbon < 



Ar 

» group; 

a group of the formula: 



is a group of the formula: 



or the formula: 



30 



45 



50 



m 
n 



is an integer of 0 to 2; and 

" " ^ ° f 1 10 3 *• «" of m and n ,s not mora than 4, 



55 



Beat Mode for Bnbodying the invention 

up of the ai(ph«c hydrocarbon group optionaHv having substttoentfs)- 
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represented by R 1 , for example, alkyl group, cycloalkyl group, cycloalkylalky! group, alkenyl group, alkynyl group and 
the like are preferable. 

[0012] As the alkyl group, for example, straight chain or branched alkyl group having 1 to 20 carbon atoms (e.g., 
methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl 
group, pentyl group, hexyl group, heptyl group, octyl group, nonyl group, decyl group, dodecyl group and the like) and 
the like are preferable. For example, lower alkyl group having 1 to 6 carbon atoms (e.g., methyl group, ethyl group, n- 
propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl group and the like) and the like 
are particularly preferable. 

[0013] As the cycloalkyl group, for example, cycloalkyl group having 3 to 1 0 carbon atoms (e.g., cyclopropyl group, 
cyclobutyi group, cyclopentyl group, cyclohexyl group, cycloheptyl group, cyclooctyl group and the like) and the like 
are preferable. For example, cycloalkyl group having 3 to 6 carbon atoms (e.g., cyclopropyl group, cyclobutyi group, 
cyclopentyl group, cyclohexyl group and the like) and the like are particularly preferable. 

[0014] As the cycloalkylalkyl group, for example, cycloalkylalky! group having 4 to 12 carbon atoms (e.g., cyclopro- 
pylmethyl group, cyclopentylmethyl group, cyclohexylmethyl group, cycloheptylmethyl group and the like) and the like 
are preferable. For example, cycloalkylalkyl group having 4 to 8 (particularly 4 to 7) carbon atoms (e.g., cyclopropyl- 
methyl group, cydopentylmethyi group, cyclohexylmethyl group and the like), and the like are particularly preferable. 
[0015] As the alkenyl group, for example, lower alkenyl group having 3 to 6 carbon atoms (e.g., propenyl group, 
butenyl group, pentenyl group and the like) and the like are preferable. For example, lower alkenyl group having 3 or 
4 carbon atoms (e.g., propenyl group, butenyl group and the like) and the like are particularly preferable. 
[0016] As the alkynyl group, for example, lower alkynyl group having 3 to 6 carbon atoms (e.g., propynyl group, 
butynyl group, pentynyl group and the like) and the like are preferable. For example, lower alkynyl group having 3 or 
4 carbon atoms (e.g., propynyl group, butynyl group and the like) and the like are particularly preferable. 
[001 7] As the aforementioned "substituent" of the "aliphatic hydrocarbon group optionally having substituent(s)", for 
example, heterocyclic group, oxo group, hydroxy group, C-,^ alkoxy group, C^q (particularly cycloalkyloxy group, 
C6-10 ar Yl°xy 9 rou P' °7-i9 (particularly Oj^ 2 ) aralkyloxy group, heterocyclyloxy group, alkytthio group (the sulfur 
atom being optionally oxidized), C3. 10 (particularly C3_ 6 ) cycloalkylthio group (the sulfur atom being optionally oxidized), 
c 6-io arylthio group (the sulfur atom being optionally oxidized) , C^g (particularly C 7 . 12 ) aralkylthio group (the sulfur 
atom being optionally oxidized), heterocyclic thio group, heterocyclic sulfinyl group, heterocyclic sulfonyl group, nitro 
group halogen atom, cyano group, carboxyl group, C^ 0 (particularly alkoxy-carbonyl group, C M cycloalkyloxy- 
carbonyl group, C^ 0 aryloxy-carbonyl group C^g (particularly C^) aralkyloxy-carbonyl group, heterocyclic oxycar- 
bonyl group, C^ 0 aryl-carbonyl group, alkanoyl group, C3.5 alkenoyl group, C^ A0 aryl-carbonyloxy group, 
C 2 -6alkanoyloxy group, alkenoyloxy group, optionally substituted carbamoyl group, optionally substituted thiocar- 
bamoyl group, optionally substituted carbamoyioxy group, alkanoylamino group, C^q aiyl-carbonylamino group, 
C^q (particularly C^) aikoxy-carboxamido group, C^ 0 aryloxy-carboxamido group, C^g (particularly Oj^ 2 ) aralky- 
loxy-carboxamido group, C v10 (particularly C n ^) alkoxy-carbonyloxy group, Ce_ 10 aryloxy-carbonyloxy group, Cy^g 
(particularly Cj., 2 ) aralkyloxy-carbonyloxy group, C3_ 10 (particularly cycloalkyloxy-carbonyloxy group, optionally 
substituted ureido group, optionally substituted C^ 10 aryl group and the like are used. 

[0018] These substituents are substituted at substitutable positions of the aforementioned "aliphatic hydrocarbon 
group". The substituent is not limited to one but may be In plurality (2 to 4), which may be the same or different. 
[0019] As the "C^ alkoxy group", for example, methoxy group, ethoxy group, n-propoxy group, isopropoxy group, 
n-butoxy group, tert-butoxy group, n-pentyloxy group, n-hexyloxy group and the like are preferable; as the "C3_ 10 cy- 
cloalkyloxy group", for example, cyclopropyloxy group, cyclohexyloxy group and the like are preferable; as the "C^q 
aryloxy group", for example, phenoxy group, naphthyloxy group and the like are preferable; as the "Cy^g aralkyloxy 
group", for example, benzyloxy group, 1 -phenylethyloxy group, 2-phenylethyloxy group, benzhydryloxy group, 1 -naph- 
thylmethyloxy group and the like are preferable; as the "C,^ alkytthio group (the sulfur atom being optionally oxidized)", 
for example, methyfthio group, ethylthlo group, n-propylthlo group, n-butytthio group, methylsulfinyl group, methylsul- 
fonyl group and the like are preferable; as the "C3_ 10 cycloalkylthio group (the sulfur atom being optionally oxidized)", 
for example, cyclopropylthio group, cyclohexylthio group, cydopentylsurflnyi group, cydohexyisurfonyl group and the 
like are preferable; as the "C^ 0 aryrthio group (the sulfur atom being optionally oxidized)", for example, phenylthio 
group, naphthylthlo group, phenylsulfinyl group, phenylsulfonyl group and the like are preferable; as the "Cy_ 19 ar- 
alkylthio group (the sulfur atom being optionally oxidized)", for example, benzylthio group, phenylethylthio group, ben- 
zhydrylthio group, benzylsurfinyl group, benzylsulfonyl group and the like are preferable; as the "halogen atom", for 
example, fluorine atom, chlorine atom, bromine atom, iodine atom and the like are preferable; as the "C 1v10 alkoxy- 
carbonyl group", for example, methoxycarbonyl group, ethoxycarbonyl group, n-propoxycarbonyl group, isopropoxy- 
carbonyl group, n-butoxycarbonyl group, isobutoxycarbonyl group, tert-butoxycarbonyl group and the like are prefer- 
able; as the "C^ cycloalkyloxycarbonyl group", for example, cyclopropyloxycarbonyl group, cyclopentyloxycarbonyl 
group, cyclohexyloxycarbonyl group, norbomyloxycarbonyl group and the like are preferable; as the "C^q aryloxy- 
carbonyl group", for example, phenoxycarbonyl group, naphthyloxycarbonyl group and the like are preferable; as the 
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of the aforementioned •aliphatic hydrocarbon group optionally having substituent(s)" (except optionally substituted 
C&-10 arv> 9 rou P) at substrtutable position(s). Such substituents are substituted at substitutable position(s) of the C^q 
aryl group. The substituent is not limited to one but may be in plurality (2 to 4), which may be the same or different. 
[0026] With regard to the "aliphatic hydrocarbon group optionally having substituent(s)", the substituent may form, 
together with aliphatic hydrocarbon group, an optionally substituted fused ring. As such fused ring, indanyl group, 
1 ,2,3,4-tetrahydronaphthyl group and the like are used. This fused ring may be substituted by substituent(s) selected 
from the "substituents" of the aforementioned "aliphatic hydrocarbon group optionally having substituent(s)" and op- 
tionally substituted at substitutable position(s). These substituents are substituted at substitutable positions of the fused 
ring, wherein the substituent is not limited to one but may be in plurality (2 to 4), which may be the same or different. 
[0027] As the aromatic hydrocarbon group" of the "aromatic hydrocarbon group optionally having substituent 
(s)" represented by R 1 , aromatic hydrocarbon group having 6 to 14 carbon atoms (e.g., phenyl group, naphthyl group, 
biphenyl group, anthryl group, indenyl group and the like) and the like are preferable. Among others, for example, aryl 
group having 6 to 10 carbon atoms (e.g., phenyl group, naphthyl group and the like) and the like are preferable. Of 
these, phenyl group and the like are particularly preferable. 

[0028] As the "substituent 0 of the "aromatic hydrocarbon group optionally having substituent(s)" represented by R 1 , 
for example, halogen atom (e.g., fluorine, chlorine, bromine, iodine and the like), lower (C^alkyl group (e.g., methyl 
group, ethyl group, propyl group, butyl group and the like), lower (C^alkoxy group (e.g., methoxy group, ethoxy group, 
propoxy group, butoxy group and the like), lower (C^alkoxy-carbonyl group (e.g., methoxycarbonyl group, ethoxy- 
carbpnyl group, propoxycarbonyl group, butoxycarbonyl group and the like), carboxyl group, nrtro group, cyano group, 
" hydroxy group, acylamino group (e.g., alkanoylamino group having 1 to 4 carbon atom(s) such as acetylamino group, 
propionylamino group, butyrylamino group and the like, and the like), cycloalkyl group having 3 to 6 carbon atoms (e. 
g., cyclopropyl group, cyclopentyl group and the like), aryl group having 6 to 10 carbon atoms (e.g., phenyl group, 
naphthyl group, indenyl group and the like), halogeno lower (C^alkyl group (e.g., trifluoromethyl group, trifluoroethyl 
group and the like), halogeno lower (C w )alkoxy group (e.g., trifluoromethoxy group, 1 ,1 ,2,2-tetrafluoroethoxy group, 
2,2,3,3,3-pentafluoropropoxy group and the like), lower (C^alkylthio group (e.g., methylthio group, ethylthio group, 
propionylthio group and the like), lower (C,^ alkylsulfonyl group (e.g., methanesulfonyl group, ethanesulfonyl group, 
propanesulfonyl group and the like), lower (C^alkanoyl group (e.g., formyl group, acetyl group, propionyl group and 
the like), 5-membered aromatic heterocyclic group (e.g., 1 ,2,3-triazolyl group, 1,2,4-triazofyl group, tetrazolyl group, 
thiazofyl group, isothiazolyl group, oxazoryl group, isoxazoryl group, thiadiazolyl group, thienyl group, furyl group and 
the like), carbamoyl group, lower (C^alkyl-carbamoyl group (e.g., methylcarbamoyl group, dimethylcarbamoyl group, 
propionylcarbamoyl group and the like), lower (C^) alkoxy-carbonyl-lower (C^alkyl-carbamoyl group (e.g., butoxy- 
carbonylmethylcarbamoyl group, ethoxycarbonylmethylcarbamoyl group and the like), 1 ,3-diacylguanidino-lower (C^ 
alkyl group (e.g., 1 ,3-diacetylguanidinomethyl group, 1,3-bis-tert-butoxycarbonylguanidinomethyl group and the like) 
and the like are used, with preference given to halogen atom (e.g., fluorine atom, chlorine atom, bromine atom, iodine 
atom and the like), lower (C^alkyl group (e.g., methyl group, ethyl group, propyl group, butyl group and the like) and 
the like, and more preference given to fluorine atom, chlorine atom and methyl group. 

[0029] These substituents are substituted at substrtutable positions of the aromatic hydrocarbon, wherein the number 
of the substituent is preferably 1 to 5, more preferably 1 to 3, most preferably 1 or 2. When two or more substituents 
are present, they may be the same or different. 

[0030] The "heterocyclic group" of the "heterocyclic group optionally having substituent(s)" represented by R 1 is, for 
example, a 5 to 8-membered ring (particularly 5 to 6-membered ring) containing 1 to several, preferably 1 to 4, hetero 
atom(s) from nitrogen atom (optionally oxidized), oxygen atom, sulfur atom and the like, or a fused ring thereof. These 
heterocyclic groups are, for example, pyrrolyl group, pyrazolyl group, imidazoryl group, 1 ,2,3-triazolyl group, 1 ,2,4-tri- 
azolyl group, tetrazolyl group, furyl group, thienyl group, oxazoryl group, isoxazolyl group, 1 ,2,3-oxadiazolyl group, 
1 ,2,4-oxadiazolyl group, 1 ,2,5-oxadiazotyl group, 1 ,3,4-oxadiazolyl group, thiazolyl group, isothiazolyl group, 1 ,2,3-thl- 
adiazolyl group, 1 ,2,4-thiadiazolyl group, 1 ,2,5-thiadiazolyl group, 1 ,3,4-thiadiazolyl group, pyridyl group, pyridazinyl 
group, pyrimidinyl group, pyrazinyl group, indoryl group, pyranyl group, thiopyranyl group, dioxinyl group, dioxoiyl group, 
quinolyl group, pyrido[2,3-d]pyrimidyl group, 1,5-, 1 ,6-, 1,7-, 1,8-, 2,8- or 2,7-naphthyridyl group, thieno[2,3-d]pyridyl 
group, benzopyranyl group, tetrahydrofuryl group, tetrahydropyranyl group, dioxolanyl group, dioxanyl group and the 
like. These heterocyclic groups may be substituted by 1 to 3 substrtuent(s) selected from alkyl (e.g., methyl, ethyl 
and the like), hydroxy, oxo, alkoxy group (e.g., methoxy, ethoxy and the like) and the like at substitutable posltion(s). 
[0031] As the "aliphatic hydrocarbon group optionally having substituent(s)" represented by R 1a , for example, those 
similar to the aforementioned "aliphatic hydrocarbon group optionally having substituent(s)" represented by R 1 can be 
used. As R 1a , for example, optionally substituted lower alkyl group having 1 to 6 carbon atom(s) (e.g., methyl group, 
ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, tert-butoxycarbonylmethyl group, hydrox- 
yethyl group and the like) and the like are preferably used. Of these, for example, methyl group, ethyl group, n-propyl 
group, isopropyl group, n-butyl group, isobutyl group and the like are preferably used. Particularly, for example, methyl 
group, ethyl group, n-propyl group and the like are preferable, and ethyl group and the like are specifically preferable. 
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phenyl group, lower (C^alkoxy-carbonylphenyl group, carboxylphenyl group, nitrophenyl group, cyanophenyl group, 
halogeno lowerfC^alkyl-phenyl group, halogeno lower (Cj .4) alkoxy-phenyl group, lower (C^alkanoylphenyl group, 
phenyl group substituted by 5-membered aromatic heterocyclic group, lower (C^alkoxy-carbonyllower (C^alkyl- 
carbamoylphenyl group, 1 ,3-diacylguanidino-lower (C^alkyl-phenyl group, phenyl group substituted by halogen and 
lower (C^alkyl, phenyl group substituted by halogen and lower (C 1-4 ) alkoxy-carbonyl, phenyl group substituted by 
halogen and cyano, phenyl group substituted by halogen and 5-membered aromatic heterocyclic group, phenyl group 
substituted by halogen and lower (C^alkoxy-carbonyl-lower (C 1 ^)alkyl-carbamoyl and the like are used. 
[0040] As the halogeno phenyl group, for example, 2,3-difluorophenyl group, 2,3-dichlorophenyl group, 2,4-difluor- 
©phenyl group, 2,4-dichlorophenyl group, 2,5-difluorophenyl group, 2,5-dichlorophenyl group, 2,6-difluorophenyl 
group, 2,6-dichlorophenyl group, 3,4-difluorophenyl group, 3,4-dichlorophenyi group, 3,6-difluorophenyl group, 
3,5-dichlorophenyl group, 2-fluorophenyl group, 2-chlorophenyl group, 3-fluorophenyl group, 3-chlorophenyl group, 
4-fluorophenyl group, 4-chlorophenyl group, 2-fluoro-4-chlorophenyl group, 2-chloro-4-fluorophenyl group, 4-bromo- 
2-fluorophenyl group, 2,3,4-trifluorophenyl group, 2,4,5-trifluorophenyl group, 2,4,6-trifluorophenyl group and the like 
are used. 

[0041 J As the lower (C^alkyi-phenyl group, for example, 2-ethylphenyl group, 2,6-diisopropylphenyl group and the 
like are preferably used, and as the lower (C^alkoxyphenyl group, for example, 4-methoxyphenyl and the like are 
preferably used. 

[0042] As the lower (C^alkoxy-carbonylphenyl group, for example, 2-ethoxycarbonylphenyl group, 2-methoxycar- 
bonylphenyl group, 4-methoxycarbonylphenyl group and the like are preferably used; as the halogeno lower (C^ 
"alkylphenyl group, for example, 2-trifluoromethylphenyl group and the like are preferably used; and as the halogeno 
lower (C^alkoxy-phenyl group, for example, 2-trifluoromethoxyphenyl group, 4-(2,2,3,3,3-pentafluoropropoxy)phenyl 
group and the like are preferably used. 

[0043] As the lower (C^Jalkanoyl-phenyl group, for example, 2-acetylphenyl group and the like are preferably used; 
as the phenyl group substituted by 5-membered aromatic heterocyclic group, for example, 4-(2H-1 ,2,3-triazol-2-yl) 
phenyl group, 4-(2H-tetrazol-2-yl)phenyl group, 4-(IH-tetrazol-1-yl)phenyl group, 4-(1H-1,2,3-triazol-1-yl)phenyl group 
and the like are preferably used; as the lower (C M )alkoxy-carbonyl-lower (C^alkyl-carbamoylphenyl group, for ex- 
ample, 4-(N-ethoxycaroonylmethyIcarbamoyl)phenyl group and the like are preferably used; and as the 1 ,3-diacylgua- 
nidino-lower (C^Jalkyl-phenyl group, for example, 4-(1,3-bis-tert-butoxycaroonylguanidinomethy0phenyl group and 
the (ike are preferably used. 

[0044] As the phenyl group substituted by halogen and lower (C^alkyl group, for example, 2-fluoro-4-methylphenyl 
group, 2-chloro-4-methylphenyl group, 4-fluoro-2-methylphenyl group and the like are preferably used; as the phenyl 
group substituted by halogen and lower (C^alkoxy-carbonyl, for example, 2-chloro-4-methoxycarbonylphenyl group 
and the like are preferably used; as the phenyl group substituted by halogen and cyano, 2-chloro-4-cyanophenyl group 
and the like are preferably used; as the phenyl group substituted by halogen and 5-membered aromatic heterocyclic 
group, for example, 2-fluoro-4-(1 H-1 ,2,4-triazoM -y!)phenyl and the like are preferably used; and as the phenyl group 
substituted by halogen and lower (C^alkoxy-carbonyWower (C^-alkyl-carbamoyl, for example, 2-chloro-4-(N-tert- 
butoxycarbonylmethylcarbamoyl)phenyl group, 2-chloro-4-(N-ethoxycarbonylmethylcarbamoyl)phenyl group and the 
like are preferably used. 

[0045] As Ar, halogeno phenyl group, phenyl group substituted by lower (C^alkyl-phenyi group, halogen and lower 
(C^alkoxy-carbonyl and the like are preferably used. 

[0046] More specifically, as Ar, phenyl group, phenyl group substituted by 1 to 3 (particularly 1 or 2) halogen (e.g., 
2,3-difluorophenyl group, 2,3-dichlorophenyl group, 2,4-difluorophenyl group, 2,4-dichlorophenyl group, 2,5-difluor- 
ophenyl group, 2,5-dichlorophenyl group, 2,6-difluorophenyl group, 2,6-dichlorophenyl group, 3,4-difluorophenyl 
group, 3,4-dichlorophenyl group, 3,5-difluorophenyl group, 3,5-dichlorophenyl group, 4-bromo-2-fluorophenyl group, 
2-fluorophenyl group, 2-chlorophenyl group, 3-fluorophenyl group, 3-chlorophenyl group, 4-fluorophenyl group, 4-chlo- 
rophenyl group, 2-fluoro-4-chlorophenyl group, 2-chloro-4-fluorophenyl group, 2,3,4-trifluorophenyl group, 2,4,5-trif- 
luorophenyl group and the like), phenyl group substituted by halogen and lower (C^alkyl (e.g., 2-chloro-4-methyl- 
phenyl group, 4-fluon>2-methylphenyl group and the like) and the like are preferable. Of these, phenyl group substituted 
by 1 to 3 (particularly 1 or 2) halogen (e.g., 2,3-dichlorophenyl group, 2,4-difluorophenyl group, 2,4-dichlorophenyl 
group, 2,6-dichlorophenyl group, 2-fluorophenyl group, 2-chlorophenyl group, 3-chlorophenyl group, 2-chloro-4-fluor- 
ophenyl group, 2;4,5-trifluorophenyl group and the like), phenyl group substituted by halogen and lower (C^ alkyl (e. 
g., 2-chloro-4-methylphenyl group, 4-fluoro-2-methylphenyl group and the like) and the like are preferable. Particularly, 
as Ar, a group represented by the formula (c) is preferable and a group represented by the formula (c1) is more pref- 
erable. As the halogen atom which is a substituent represented by R 3 in the formula (c) and ring B, and halogen atom 
represented by R 3 * and R 35 in the formula (d fluorine atom and chlorine atom are preferable. As the lower alkyl group 
represented by R 3 in the formula (c), alkyl group such as methyl, ethyl, propyl and the like are used. Of the groups 
represented by the formula (c) , 2,4-difluorophenyl group, 2-chloro-4-fluorophenyl group, 2-methyl-4-chlorophenyl 
group and the like are preferable. Of the groups represented by the formula (c1) 2,4-difluorophenyl group, 2-chloro- 
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X is methylene or an oxygen atom, Y is methylene or -NH-, and Ar is phenyl group optionally substituted by 1 or 
2 substituent(s) selected from the group consisting of halogen atom and alkoxy. 

(2) A compound (I) wherein R 1 is a group of the formula: OR 1a ' (R 1a< is alkyl group) , a group of the formula: 



X is methylene and Y is methylene, or X is an oxygen atom and Y is -NH-, and Ar is a phenyl group optionally 
having two halogen atoms (e.g., 2-chloro-4-fluorophenyl group and the like). 

(3) Ethyl 6-(benzylsulfonyl)-l-cyclohexene-1-carboxy1ate (compound 1), ethyl 6-[(4-methoxyberizyi)sulfonyl]-1-cy- 
clohexene-1-carboxylate (compound 2), ethyl 6-{(2,4-difluoroben2yl)sulfonyl]-1-cyclohexene-1-carboxylate (com- 
pound 3), ethyl 6-{(2-chloro-4-fluoroben2yI)sulfonyl]-1-cyclohexene-1-carboxylate (compound 4), ethyl (-)- 
6-[(2-chloro-4-fluoroben2yl)sulfonyl]-1-cyclohexene-1-carboxylate (compound 5), ethyl (+)-6-[(2-chloro-4-fluor- 
obenzyl)su tfonylJ-1 -cyclohexene-1 -carboxyiate (compound 6), ethyl 3-{(2,4-difIuorophenyl)sulfamoyl]-3,6-dihydro- 
2H-pyran-4-carboxylate (compound 7) or ethyl 3-l(2-chloro-4-t1uorophenyl)suffamoyl]-3,6-dihydro-2H-pyran- 
4-carboxylate (compound 8). 

(4) Ethyl 6-[(2-chloro-4-fluorobenzyI)sulfonyl}-1 -cyclohexene-1 -carboxyiate (compound 4), ethyl (+)-6-[(2-chloro- 
4-fluorobenzyl)sutfonyl]-1 -cyclohexene-1 -carboxyiate (compound 6) or ethyl 3-[(2-chloro-4-fluorophenyl)sulfa- 
moyl]-3,6-dihydro-2H-pyran-4-carboxylate (compound 8). 

[0058] The salt of the compound of the formula (I) is exemplified by a salt with inorganic base, a salt with organic 
base, a salt with inorganic acid, a salt with organic acid, and a salt with basic or acidic amino acid. Examples of the 
salt with inorganic base include alkali metal salts such as sodium salt, potassium salt and the like, alkaline earth metal 
salts such as calcium salt, magnesium salt and the like, aluminum salt and ammonium salt, examples of the salt with 
organic base include salts with trimethylamine, triethylamine, pyridine, picoline, ethanolamine, diethanolamine, trieth- 
anolamine, dicyclohexylamine, N.N'-dibenzylethylenediamine and the like, examples of the salt with inorganic acid 
include salts with hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid and the like, examples 
of the salt with organic acid include salts with formic acid, acetic acid, trifluoroacetic acid, fumaric acid, oxalic acid, 
tartaric acid, rnaleic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, benzenesulfonic acid, p-tolue- 
nesulfonic acid and the like, examples of the salt with basic amino acid include salts with arginine, lysine, ornithine 
and the like, and examples of the salt with acidic amino acid include salts with aspartic acid, glutamic acid and the like. 
[0059] When the compound of the formula (I) or a salt thereof has a stereoisomer, each stereoisomer thereof and a 
mixture of the stereoisomers are encompassed in the present invention. 

[0060] While the compound of the formula (0 and a salt thereof have an enantiomer, each enantiomer thereof and 
a mixture of the enantiomers are encompassed in the present invention. 

[0081] The production method of compound (I) of the formula (I) and a salt thereof [hereinafter sometimes to be 
referred to as compound (I)] is explained in the following. 

[0062] A compound of the formula (I) wherein X is nitrogen atom, sulfur atom or oxygen atom and Y is an optionally 
substituted nitrogen atom, or a salt thereof, namely, a compound of the formula (la) and a salt thereof [hereinafter 




(b) 



is a group of the formula: 
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£>, ethers (e . g ., diethyl elher , E2 
(e.g.. benzene, toluene, xylene etc.), hatooenated h« rt ^ a * ^ ( 9m acetonitri,e etc.), aromatic hydrocarbons 
roethane etc.), esters (e.g., ethyl acetate e^^.JL ?^ 8 (e ' 9 - dich, <>™ethane, chloroform. 1 2*fch7 
1,3-dimeth y i- 2 - imidazole, "£S££2J£? ^^""amide, acetamide, dimeLacetaSe 
used, or two or more kinds thereof ma be 2 T ft ^ ""■ °^ ° ne kind ot soEs maTbe 
used is not partcu.ariy limited, Q^ltElE^^"*, "»* *" ™ * the sol" o £ 
« preferaby carried out in the presence of a base ^«L ? a ° We ' 9ht of com P ound (»>• This reaction is 

bydr.de. sodium hydroxide etc.). and an organte baseTa S2£ baS6 {t *' 80dium Potassium 

can be used. Particuiarly. an organic iJSSSEfclTS^^^ diisopropylethylamine, DBU etc" 
hereof Is preferably about 0.5 to about 5-fold farrln T^ZT ^ ^ Whe " a base fe used . amoun 
. (molar ratio), relative to compound (II) The amoTntT iT 1 ^ Preferab,y 0 9 to about 2-fold amoun 

S is =:ixrm~ 

» S 10 8 "* ty 8 Conv «^' method aC ' d ' C 9r ° UP ° f b8Sic 9 rou P- tt <*n be converted, where nee 

UuUyT^^ 

as compound (,V^ 

referred to as compound (V1)J, oxidizing the resuttinn JT? 2! } * thereof Psalter sometimes to be also 
the product to hydrolysis The salt of a coLT, 1 ^, i 80 ° xWi2in 9 W and, "here necessarv subiLt nn 

are exemplified by those ^^ ^^J^^J^ -n- the Sa,t of a «^^EX2^ 
0068, The reacfion between corr^ 

that does not inhibit the reaction The soZSZT ' ( > ^ cantod out »»»« solvent or in a solvent 
^• d -<nyie,ber.,e^^ 

oluene, xylene etc.), halogenated hydrocaraons TafilL J™* ^ 8r0matic "^carbons (e.g., benzene^ 
(e.g., ethyl acetate etc.), amides (e.g SSSZS^^ T?™ 0, chlorof °™. 1 -2-dichloroethane etc ) 7ZSH 
none ,^ethy,- 2 -p yrrolldone J&tSS^JJ"* ^^amide, , .3-d.methy. aSda^W 
thereomay be mixed at a suitable ratio and used wXlethelo^ 

Sium^rir^ 

amine, pyridine. diisopmp^L^ SJS22S5J22" t^f* * *" 0r9anic ba ^ ^5 

abase is present is preferably about 0.5 to Lutst ?? , > fe Preferab,y used - 7,16 amount of use when 

™(™'a^ 

Wold amount (molar ratio), mo^ 

The reacton temperature Is preferably J fabouV- t £?J MoSr ( ™ lar ^ b8Sed on OV). 
The reacfion Sme is preferaby from about 0.1 f^V^ ^^S^ fr ° m 0 to *>■* 60«C 
S ^ are8U,,oftheabov a-mentionedreaction sulfide To^Z/T^^ *°* ° St0 *«* 10 h <«irs. 
earned out rn a solvent that does not inhibit the reacfen Zh»«H^ 

xyleneetc.), halogenatedhydrocarbons (e g d7^ 

acetate etc.) and the like are used Onlv one kind If thl . ' cnloro,omi - 1 .2-diehloroethane etc.), esters (e q ethv 
m^atasuitebleratioandused. E^SS'S^' ° rt "° ^ 
acrds such as perbenzoic acid, m-chtomperbenzoic acW an^ h V dro 9 e » Peroxide, perbenzoic 
-er pejorate, mercu,,) pe i orale . J2S^p=£^ 
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alkyinitrite such as isoamyl nitrite and the like, halogen such as iodine, bromine, chlorine and the like, N-bromosuccinic 
imide, sulfuryl chloride, chloramine T and the like. The reaction temperature is preferably from about -30 to about 30°C, 
more preferably from about -1 0 to about 1 0°C. The reaction time is preferably from about 0.1 to about 50 hours, more 
preferably from about 0.5 to about 10 hours. 
s [0071] In this reaction, when a compound of the formula (la) , wherein R 1 is OR 1a and R 1a is an optionally substituted 
aliphatic hydrocarbon, is obtained, this compound is hydrolyzed to give a compound of the formula (la) wherein R 1 is 
OH. This hydrolysis is performed by a method known perse. 

[0072] When the thus-obtained compound (la) has a free acidic group or basic group, it can be converted to a salt 
as necessary by a conventional method. 
10 [0073] The thus-obtained compound (I) of the present invention can be isolated and purified from the reaction mixture 
by a method known perse, such as extraction, concentration, neutralization, filtration, recrystallization, chromatography 
and the like. 

[0074] The prodrug of the compound (I) of the present invention is a compound that is converted to compound (I) 
by a reaction with an enzyme, gastric acid and the like in the body under physiological conditions. In other words, it is 

15 a compound that undergoes enzymatic oxidation, reduction, hydrolysis and the like into compound (I), or a compound 
that undergoes hydrolysis and the like due to gastric acid and the like into compound (I). The prodrug of compound (I) 
is a compound (I) wherein amino group is acylated, alkylated or phosphorylated (e.g., a compound (I) wherein amino 
group is eicosanoylated, alanylated, pentylaminocarbonylated, (5-methyl-2-oxo-1 ,3-dioxolen-4-yl)methoxycarbonylat- 
ed, tetrahydrofuranylated, pyrrolidylmethylated, pivaloyloxymethylated, tert-butylated and the like); a compound (I) 

20 wherein hydroxy! group is acylated, alkylated, phosphorylated or borated (e.g., a compound (I) wherein hydroxyl group 
is acetyiated, paimitoylated, propanoylated, plvaloylated, succinylated, fumarylated, alanylated, dimethylaminometh- 
ylcarbonyiated and the like); a compound (I) wherein carboxyl group is esterified or amidated (e.g., a compound (I) 
wherein carboxyl group is ethyl esterified, phenyl esterified, carboxymethyi esterified, dimethylaminomethyl esterified, 
pivaloyloxymethyl esterified, ethoxycarbonyloxyethyl esterified, phthaiidyl esterified, (5-methyl-2-oxo-1 ,3-dioxolen- 

25 4-yl)methyl esterified, cyclohexyloxycarbonylethyl esterified, methyl amidated and the like); and the like. These com- 
pounds can be produced from compound (I) by a method known perse. 

[0075] The prodrug of compound (I) may be a compound that is converted to compound (I) under the physiological 
conditions described in Development of Pharmaceutical Products, vol. 7, Molecule Design, pp. 163-198, Hirokawa 
Shoten (1990). 

30 [0076] The prodrug of the compound (I) of the present invention can be converted to similar salts. 

[0077] The compound (I) of the present invention may be a hydrate or anhydride, and the prodrug of the compound 
(I) of the present invention may also be a hydrate or anhydride. 

[0078] The compound (I) of the present invention may be labeled with an isotope (e.g., 3 H, 14 C, , 125 l) and the 
like, and the prodrug of the compound (I) of the present invention may be also labeled. 
35 [0079] When the compound (I) of the present invention has an asymmetric carbon in ring A, at least two stereoisomers 
or enantiomers can exist, which isomers can be Individually produced when desired. 

[0080] When the compound (I) is a mixture of two or more kinds of isomers, these can be separated into each isomer 
by a typical separation method, such as a method for generating a salt with an optically active acid (e.g., camphor 
sulfonic acid etc.) or an optically active base (e.g., 1-methylbenzylamine etc.) or a separation method using various 
40 chromatographys (e.g., liquid chromatography using an optically active column etc.), fractional recrystallization and 
the like. 

[0081] The starting compound (II) in the present invention can be produced by, for example, a method shown by the 
following reaction formula: 

45 

0 o 
1 C R 1 

^"Splf^ NaB0 3 -4H20 || , , 

X lflft> AC0H ^V S0 3" 

(VI) (VII) 

55 

wherein each symbol is as defined above. 

[0082] The compound (VI) is oxidized with sodium perborate in acetic acid to give compound (VII). The compound 
(VII) is reacted with thionyl halide (e.g., thionyl chloride and the like) or substituted sulfonyl chloride (e.g., methanesul- 
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(e.g., fluorine, chlorine and the like) formvl C Jf^S™J T . ' AS 3 substltuent ,ner eof. halogen atom 

furanyl. sflyl and the ike * 7 * ** a " d the like, and the like) pyrany? 

* methyl, e^ propyl a^dt ^5^^%?^^''^' °« ^ 9 ' 

ao t«"bu«^ 

<™L P ?e^ 

acidity on the production o. inflaS^ole ^tSK WTJST^^^" 1 ^ 
forthe treatment and/or prophylaxis of diseases such «T^T^' ' 6 " ke - ^ are useful as a dru 9 

central nervous system disease (tataSTZZ? ^ autoim ' nune dlsaa *». inflammatory disease 

- dog, horse, goat, monkey h^nl it) or SSSTffJ^ ^ ^ h mamma,S ^ cattla 
failure, shock, hypotension, rheumatoid an^rS' a^Zt'f^ ^T^" Sh0CK ' eXOt0xin shock - heart 
ulcer. Crohn's disease, auti^un^^^^nlS Tj^T' "**• PeptiC Ulcer ' stress 8«* 

fusion disorder, acute coronary mtawSi SliKS ' 8ner ° r9an trans P ,antatfo ". Anemic reper- 
ulation syndrome (DIG) ^Zm^^l^ZnT^^'^^ < dissemina ^ intravascular coag- 
sickte cel. anemia pancreatf«s eptoTsvndroml S arte "° sc 6rosb - P emfc i°«« a "^ia. Fanconi's anemia, 
insuiin dependent ^betesme itus h^ 

mia, tumor, myeloma, relief of side effects o 2^! ParKlnson 8 d,8ease . leukemia, acute leuke- 

nary emphysema, dementia, SS^Ii* a " d adU » »"**"y Stress syndrome, pulmo- 
phy, myocarditis, celiac ^^J^Z^^^^^)"^ E deficiency, aging, sunburn, myodystro- 

hepattis.pso ri asfe.pain,JaLJnZnraTn t ^ 
injury, bum, improved efficiency of ^ 

cers disease, osteomalacia, bone fraSurc SS2E^ T" u 'J" 08 '" 9 SP ° ndy,it ' S ' bone Beh- 

lococcal infecticn. tuberculosis sJsteSc IS iS !? T ^" Hel,cobacter invasive staphy- 

«on. human papilloma virus i^S^Z^^S^ *™ inf6Cti ° n ' «■»■«»"•«■ virus Wee- 

reflux esophagrtis. fever, hypeSste^^^^ miniBs ' 
Apathy, diabetic neuropa^ 
spinal trauma, agrypnia. schVhrenia ep te^ 
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ministered orally or parenterally as a safe pharmaceutical composition, such as an oral administration agent (e.g., 
powder, granule, tablet, capsule etc.), a parenteral administration agent (e.g., injection, an external preparation (e.g., 
nasal preparation, percutaneous preparation etc.), a suppository (e.g., rectal suppository, vaginal suppository and the 
like) and the like. 

5 [0091] These preparations can-be produced by, for example, applying a method known per se generally employed 
for the production of pharmaceutical preparations. 

[0092] The content of the compound (I) of the present invention in the preparation varies depending on the dosage 
form. For example, the content thereof in the aforementioned oral administration agent is about 1 to about 99 wt%, 
preferably about 10 to 99 wt%, more preferably about 10 to about 95 wt%. In the aforementioned parenteral adminis- 
10 tration agent, for example, It is about 0.001 to about 99 wt%, preferably about 0.001 to about 95 wt%. 

[0093] The content of the components other than compound (I) in the preparation is generally about 1 to 99.999 
wt%, preferably about 1 0 to about 90 wt%. 

[0094] For injection, for example, an aqueous injection can be prepared using the compound (I) of the present in- 
vention together with a solubilizer (e.g., p-cyclodextrins .etc.), a dispersing agent (e.g., Tween 80 (Atlas Powder Co., 

is USA), HCO60 (Nikko Chemicals Co., Ltd.), carboxymethylcellulose, sodium alginate etc.), a preservative (e.g., meth- 
ylparabene, propylparabene, benzyl alcohol, chlorobutanol etc.), an isotonic agent (e.g., sodium chloride, glycerine, 
sorbitol, glucose etc.) and the like according to a conventional method. Alternatively, an oily injection can be formed 
by dissolving, suspending or emulsifying as appropriate the compound in a vegetable oil (e.g., olive oil, sesame oil, 
peanut oil, cottonseed oil, com oil etc.), propylene glycol and the like. 

20 [0095] An oral administration agent can be produced by adding, for example, an excipient (e.g., lactose, sucrose, 
starch etc.), a disintegrant (e.g., starch, calcium carbonate etc.), a binder (e.g., starch, gum arabic, carboxymethylcel- 
lulose, polyvinylpyrrolidone, hydroxypropylceilulose etc.), a lubricant (e.g., talc, magnesium stearate, polyethylene gly- 
col 6000 etc.) and the like as appropriate to compound (I) of the present invention, compression-shaping, and where 
necessary, applying a coating and the like aiming at masking of taste, enteric property or sustained release according 

25 to a method known per se. Examples of the coating agent include hydroxypropylmethylcellulose, ethylcellulose, hy- 
droxymethylcellulose, hydroxypropylceilulose, polyoxyethylene glycol, Tween 80, pluronic F68, cellulose acetate 
phthalate, hydroxypropylmethyl cellulose phthalate, hydroxymethylcellulose acetate succinate, Eudragit (Rohm Pharm 
GmbH, Germany, a copolymer of methacrylic acid with acrylic acid), pigment (e.g., titanium oxide, bengara etc.) and 
the like. 

30 [0096] The compound (I) of the present invention can be also used as a solid, semi-solid or liquid external agent. 
[0097] For example, a solid external agent can be produced from the compound (I) of the present invention as It is, 
or by adding an excipient (e.g., glycol, mannitol, starch, crystalline cellulose etc.), a thickener (e.g., natural gums, 
cellulose derivative, acrylic polymer etc.) and the like, mixing the same and preparing into a powdery composition. A 
semi-solid external agent can be produced by a conventional method and preferably used as an aqueous or oily gel, 

35 or an ointment. A liquid external preparation can be produced by preparing into an oily or aqueous suspension according 
to a method employed for production of injection or a similar method. 

[0098] In addition, a pH-adjusting agent (e.g., carbonic acid, phosphoric acid, citric acid, hydrochloric acid, sodium 
hydroxide etc.), a preservative (e.g., p-oxybenzoic acid esters, chlorobutanol, benzalkonium chloride etc.) and the like 
may be added as appropriate to a solid, semi-solid or liquid external agent. To be specific, for example, an ointment 
40 can be prepared, which contains the compound (!) of the present invention generally by about 0.1 to about 1 00 mg per 
1 g, using petrolatum, lanolin and the like as a base material. 

[0099] The compound (I) of the present invention can be also prepared into an oily or aqueous solid, semi-solid or 
liquid suppository. The oily base used as appropriate for producing suppository is, for example, higher fatty acid glyc- 
eride (e.g., cacao butter, Witepsols (Dynamitnobel Ltd.) etc.), middle fatty acid (e.g., migriol acid (Dynamitnobel Co., 

45 Ltd.) etc.), vegetable oil (e.g., sesame oil, soybean oil, cottonseed oil etc.) and the like. As an aqueous base, for 
example, polyethylene glycols, propylene glycol and the like are used, and as an aqueous gel base, for example, 
natural gums, cellulose derivative, vinyl polymer, acrylic polymer and the like are used as appropriate. 
[0100] While the dose of the compound (I) of the present invention varies depending on the age, body weight, con- 
dition, dosage form, administration method, administration period and the like, for example, it is generally about 0.01 

so to about 1 000 mg/kg, preferably about 0.01 to about 1 00 mg/kg, more preferably about 0.1 to about 1 00 mg/kg, par- 
ticularly about 0.1 to about 50 mg/kg, specifically about 1 .5 to about 30 mg/kg per day, as the amount of compound (I) 
of the present invention, for one patient (adult, body weight about 60 kg) with sepsis, which is orally or parenterally 
administered once to several times a day. It is needless to say that the dose varies depending on various conditions 
as mentioned above, and in some cases an amount smaller than the aforementioned dose is sufficient and in other 

55 cases administration beyond the above range may be necessary. 

[0101] The prodrug of compound (I) can be used as a pharmaceutical composition like compound (I). 

[0102] The present invention is explained in detail by the following Reference Examples, Examples, Formulation 

Examples and Experimental Examples. These examples do not limit the present invention. 
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Examples 

Reference Example 1 



Sd°mUe^ 

mo was added dropwise S£!E2fE2!ffi ST" ^ N **"-^«*li £ 
at room temperature for 1 8 h. The £32 rl£!^S£ 2, "S"^ (441 m9) a " d 8,6 miXtUre was 
x 2) and saturated brine (70 ml) anTdried oveT^H™ T ^ f eta,e < 100 m », washed with water (70 ml 
obtained residue was purifL £ tSlSSi £ LXSLS!!™.^?* 1,16 ^ WaS eVap0rated a " d the 

Reference Example 2 

nSSSssrr^^^ were reacted 10 9 " e em * 6 - K4 - metho ^')- 

Reference Example 3 
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55 Reference Example 6 
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blue oil. 

1 H-NMR (CDCI3) 5: 1 .32 (3H, t, J = 7.2 Hz), 2.42-2.50 (2H, m), 3.70 (1H, s) t 3.84 (2H, t, J = 5.6 Hz), 4.22 (2H, t, J = 
2.2 Hz), 4.25 (2H ( q, J = 7.2 Hz), 
elemental analysis value: as CgH^OgS 
5 Calculated (%):C,51 .04; H.6.43; S, 1 7.03. 
Found (%):C,50.99; H.6.54; S, 16.91. 

Reference Example 7 

10 [0111] Sodium perborate tetrahydrate (24.5 g) was added to acetic acid (130 ml) and the mixture was heated to 
50-55°C. Thereto was added dropwise a solution of ethyl 5-sulfanyl-3,6-dihydro-2H-pyran-4-carboxylate (10.0 g) in 
acetic acid (30 ml) over 2 h. The mixture was stirred at 50-55°C for 3 h, and the reaction mixture was concentrated 
under reduced pressure. To the residue was added acetonitrile (230 ml) and the mixture was stirred at room temperature 
for 2 days, and the resultant insoluble material was removed off by filtration and washed with acetonitrile (70 ml). The 

is filtrate and washing were combined and the mixture was concentrated under reduced pressure. The residue was 
dissolved in acetonitrile (160 ml) and the mixture was stirred at room temperature for 6 h. The obtained insoluble 
material was removed off by filtration, and the filtrate was concentrated under reduced pressure. To the residue was 
added diisopropyl ether (100 ml), and the precipitated insoluble material was filtered off to give 4-(ethoxycarbonyl)- 
5,6-dihydro-2H-pyran-3-suffonic acid as a pale-yellow oil (27.6 g) containing an inorganic product 

20 "iH-NMR(DMSO-d 6 ) 8: 1.19 (3H, t, J = 7.2 Hz), 2.17-2.21 (2H, m), 3.65 (2H, t, J « 5.5 Hz), 4.04 (2H, q, J = 7.2 Hz), 
4.16(2H,t,J = 2.4Hz). 

Reference Example 8 

25 [01 1 2] 4-(Ethoxycarbonyl)-5,6-dihydro-2H-pyran-3-sulfonic acid (27.5 g) was dissolved in thionyl chloride (82.6 ml) 
and the mixture was stirred at room temperature -» 85°C for 3 h. The reaction mixture was concentrated to dryness 
under reduced pressure and the residue was dissolved in ethyl acetate (1 00 ml). The obtained solution was partitioned 
by adding diluted brine (1 20 ml). The ethyl acetate layer was washed twice with saturated brine (50 ml) and dried over 
anhydrous sodium sulfate. The solvent was evaporated and the obtained residue was purified by silica gel column 

30 chromatography (eluentethyl acetate/hexane=1/7-*1 /5). The objective product was concentrated under reduced pres- 
sure and the crystals produced by freezing were washed with hexane to give ethyl 5-(chlorosulf onyl)-3,6-dihydro-2H- 
pyran-4-carboxylate (7.81 g) as pale-yellow crystals. 

1 H-NMR (CDCI3) 8: 1 .37 (3H, t, J = 7.2 Hz), 2.62-2.70 (2H, m), 3.87 (2H, t, J = 5.5 Hz), 4.34 (2H t q, J = 7.2 Hz), 4.53 
(2H, t, J = 2.6 Hz). 
35 elemental analysis value: as CgH^CIOgS 
Calculated (%): C.37.73; H.4.35. 
Found (%): C37.64; H.4.27. 



[01 13] To a solution of ethyl 6-(benzylsulfanyl)-1 -cyclohexene-1 -carboxylate (1 00 mg) obtained in Reference Exam- 
ple 1 in methylene chloride (3 ml) was added m-chlorobenzoic acid (196 mg) under ice-cooling, and the mixture was 
stirred at room temperature for 1 h. To the reaction solution was added saturated aqueous sodium hydrogencarbonate 
solution (20 ml) and the mixture was extracted with ethyl acetate (20 ml x 2). The ethyl acetate layer was washed with 
45 saturated aqueous sodium hydrogencarbonate solution (20 ml), water (20 ml) and saturated brine (20 ml), and dried 
over anhydrous sodium sulfate. The solvent was evaporated and the obtained residue was purified by flash silica gel 
chromatography (eluent: hexane-^ethyl acetate/hexane = 1/30) and crystallized from hexane to give ethyl 6-(benzyl- 
sulfonyI)-1-cydohexene-1 -carboxylate (compound 1_, 106 mg) as white crystals. 

1 H-NMR (CDCI3) 8: 1.34 (3H, t, J = 7.2Hz), 1.41-2.50 (6H, m), 4.28 (2H, q, J = 7.2Hz), 4.29 (1H, d, J= 13.8Hz), 4.35 
so (1H, m), 4.55 (1H, d, J= 13.8Hz), 7.37-7.45 (4H, m) 7.50-7.55 (2H, m). 
elemental analysis value: as C 16 H2o0 4 S-0.5H 2 0 
Calculated (%): C, 60.55; H, 6.67 
Found (%): C, 60.98; H, 6.32. 

55 Example 2 

[0114] In the same manner as in Example 1, ethyl 6-{(4-methoxybenzyl)sulfanyl]-1 -cyclohexene-1 -carboxylate (98 
mg) obtained in Reference Example 2 was reacted to give ethyl 6-[(4-methoxybenzyl)sulfonyl]-1-cyclohexene-1 -car- 



Example 1 
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Smo £ ompound 2' 88 m 9> as white crystals. 



Elm™,! vate J, eJ*Jjt ' " 7.47 RH. a. j. i. J« 



Calculated (%): c, 60.33; H, 6.55 
Found (%):C, 60.42; H, 6.58. 

Example 3 



10 



15 



Elemental analysis value: as C 1ft H«F O S ° ' ' 4 ° Hz) ' 7 49 " 7 - 61 d K m). 

Calculated (%) : C, 55.80; H, 5.27 2 
Found (%) : C, 55.95; H, 5.40. 
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Example 4 



[01 16J In the same manner TO 
(509 mg) obtained in Reference < 
ene-1^arboxy!ate (compound 4 

lU.MMD /r*r\r\, v « ^ _ — ' 



ih-nmr,cdc.7 s t^^ 

dd. J = 8.4Hz, 6.2Hz). 7 - 21 (1H ' dd ' * 8 4Hz - 2 6Hz ). 7-42 <1H. t, J = 4.0Hz), 7.62 (1H, 



Elemental analysis value: as C le H 1a CIFO^S 
Calculated (%): C, 53.26; H, 5.03 
Found (%):C, 53.08; H, 4.95. 



Example 5 



*° Compound 5 



45 



8.6Hz,6.0Hz). ™.2.4Hz),7.21 (1H, dd, J= 8.6Hz, 2.4Hz), 7.42 (1H, t, J. 4.2Hz), 7.61 (1H,dd,J = 

Elemental analysis value: as C le H la CIFO.,S 
Calculated (%): C, 53.26; H, 5.03 
Found (%): C, 53.24; H. 4.85. 
N D » -97.0°(c = 0.5, in methanol). 

50 Compound 6 

8.6H2, 6.0Hz). dA " Z) > 721 (1 H ' dd > J= 8 8H ^ 2.4H2), 7.42 (1H, t, J = 4.4Hz), 7.60 (1H, dd, J I 

Elemental analysis value: as C 16 H 1fi CIFO^S 
Calculated (%): C, 53.26; H, 5.03 
Found (%): C, 53.29; H, 4.82. 
Wd 20 +95.0' (c =0.5, in methanol). 
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Example 6 

[0120] 2,4-Dtfluoroaniline (0.45g) was dissolved in ethyl acetate (10 ml) and triethylamine (0.55 mg) was added to 
the obtained solution under ice-cooling. Then, a solution of ethyl 5-(chlorosulfonyl)-3,6-dihydro-2H-pyran-4-carboxylate 

5 (0.69 g) obtained in Reference Example 8 in ethyl acetate (4 ml) was added dropwise. The reaction mixture was stirred 
under a nitrogen stream at 0°C for 30 min and at room temperature for 5.8 h. The reaction mixture was diluted with 
ethyl acetate and washed successively with water (50 ml), 0.5N hydrochloric acid (50 ml), water (50 ml x 2) and 
saturated brine (50 ml). The ethyl acetate layer was dried over magnesium sulfate and the solvent was evaporated 
under reduced pressure. The residue was purified by silica gel column chromatography (eluent: ethyl acetate/hex- 

10 ane=1/2). The objective fraction was concentrated under reduced pressure and the residue was crystallized from a 
mixture of ethyl acetate and diisopropyl ether to give ethyl 3-[(2,4-dffluorophenyO-su!famoyl]-3,6-dihydro-2H-pyran- 
4-carboxylate (compound 7; 0.57 g) as white crystals. 

1 H-NMR(DMSO-ds) 8: 1.14 (3H, t, J = 7.0 Hz), 3.69 (1H, dd, J = 12.8 Hz, 3.0 Hz), 4.0B (2H, q, J = 7.0 Hz), 4.25 (2H, 
s), 4.33 (1H, d, J = 1.8 Hz), 4.41-4.48 (1H, m), 7.00-7.05 (1H, m), 7.12 (1H, br), 7.22-7.33 (1H, m), 7.43-7.55 (1H, m), 
15 9.82(1 H,s). 

Elemental analysis value: as C u H 15 F 2 N0 5 S 
Calculated (%): C.48.41; H.4.35; N.4.03. 
Found (%): C,48.47; H,4.35; N.3.96. 

20 Example 7 

[0121] In the same manner as in Example 6, ethyl 5-(chlorosulfonyl)-3,6-dihydro-2H-pyran-4-carboxylate (0.70 g) 
obtained in Reference Example 8 was reacted with 2-chloro-4-fluoroaniline (0.52 g) to give ethyl 3-[(2-chloro-4-fluor- 
ophenyl)sulfamoyl]-3,6-dihydro-2H-pyran-4-carboxylate (compound 8; 0.54 g) as white crystals. 
25 iH-NMR(DMSO-d6) 6: 1.11 (3H, t, J = 7.0 Hz), 3.72 (1 H, dd, J = 12.8 Hz, 3.0 Hz), 4.07 (2H, q, J = 7.0 Hz), 4.15-4.25 
(2H, m), 4.37 (1H, d, J = 2.2 Hz), 4.46-4.55 (1H, m), 7.15 (1H, br), 7.22-7.26 (1H, m), 7.46-7.59 (2H, m) , 9.68(1H, s). 
Elemental analysis value: as C 14 H 15 CIFN0 5 S 

Calculated (%): C.46.22; H.4.1 6; N.3.85. " ° 
Found (%): C.46.35; H.4.11; N.3.73. 
30 [0122] Specific examples of the compound of the present invention that can be synthesized in the same manner as 
in the aforementioned Examples are shown in Table 1 and Table 2. The present invention is not limited to the compounds 
exemplarily shown in Table 1 and Table 2. 
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Table 2 
0 




Compound 
No. 


Ar 


7 




8 


CI 



Formulation Example 1 
[0123] 



(1) 


Compound 6 


10 mg 


(2) 


lactose 


60 mg 


(3) 


cornstarch 


35 mg 


(4) 


gelatin 


3 mg 


(5) 


magnesium stearate 


2 mg 



[0124] A mixture of compound 6 (10 mg), lactose (60 mg) and cornstarch (35 mg) was granulated using a 10% 
aqueous gelatin solution (0.03 ml, 3 mg of gelatin) by passing through a 1 mm mesh sieve, which granules were dried 
at 40°C and passed through the sieve again. The thus-obtained granules were mixed with magnesium stearate (2 mg) 
and compressed. The obtained core tablet was coated with a sugar coating containing an aqueous suspension of 
sucrose, titanium dioxide, talc and gum arabic. The coated tablets were polished with beeswax to give coated tablets. 

Formulation Example 2 

[0125] 



(1) 


Compound 6 


10 mg 


(2) 


lactose 


70 mg 


(3) 


cornstarch 


50 mg 


W 


soluble starch 


7mg 


(5) 


magnesium stearate 


3 mg 



[0126] Compound 6 (10 mg) and magnesium stearate (3 mg) were granulated using an aqueous soluble starch 
solution (0.07 ml, 7 mg of soluble starch), dried and mixed with lactose (70 mg) and cornstarch (50 mg). The mixture 
was compressed to give tablets. 
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Formulation Example 3 
[0127] 
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10 



25 



30 



35 



(1) 


Compound8 


10 mg 


(2) 


lactose 


60 mg 


(3) 


cornstarch 


35 mg 


(4) 


gelatin 


3mg 


(5) 


magnesium stearate 


2mg 



at40-Cand passed through thesi^ 
15 and compressed. The obLed ^ 

sucrose, titanium dioxide, talc ano^^ ^ ^ an W» suspension of 

ana gum arable. Tne coated tablets were polished with beeswax to give coated tablets. 

Formulation Example 4 
20 [012&] 



40 



45 



50 



55 



d) 
(2) 
(3) 
(4) 
(5) 



Compounds 
lactose 
cornstarch 
soluble starch 
magnesium stearate 




was compressed to give tablets. bCt0Se (7 ° mg) 80,1 (50 mg). The mixture 

Experimental Example 1 inhibitory activity on NO production 

diluted with RPMM640 med3o 0 I mM , 88 dlSSOlVe<1 N-^^^ormamide to 10 mM and 

from 10 to 10 M by df^g 1 JESTS T IT""" * ^ 8 

prepared with RPMI-1640 mdi l!!! f . ! CUl,Ure - 71,9 da y before * e experiment, the cells were 
Sx^ceife/m. ando^,: STTS*?*^. 1 "' f « aI - -rum to a concentration of 
^^^ttam^i^^^.^^,?^ m ' P , erWe "- ^cutortno at37«C under 5% 00^5% 
™e,«o was added ttepre^ ^ 

ng/ml and 1 U/ml, respectively AfteTirSon lSl£ * lnterfe ™;7 were added to a final concentrations of 5 
the culture supernatant was 5L2SX^^T2£. TE^T" °' "'^ i0 " (stable metabo,ite * NO) in 
tathrefy measured by adding 20 aZ 2 Wian^^Th . ?n^r dUCt, ° n - 7,16 nWto concentratto " was qu^nti- 
^atroomtempe^a^^ 

wavelength 365 nm). The results are shown in tIio ^ Jk . ^ rne i asur,n 9 thef '"«"escence at 450 nm (excitation 
necessary for inhibiting NO proton oy 50%. ' " °' «» test compound 



Table 3 



Compound No. 


IC 50 OiM) 


1 


0.24 


2 


3.2 


3 


0.047 


4 


0.029 
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Table 3 (continued) 



10 



15 



20 



25 



30 



35 



Compound No. 


ICgo QiM) 


5 


1.0 


6 


0.0093 


7 


0.018 


8 


0.0031 



[0132] The test compound strongly inhibited NO production by RAW264.7 cells, which shows that the cycloalkene 
derivative of the present invention has a superior NO production inhibitory activity. 

Experimental Example 2 inhibitory activity on cytokine production 

[0133] Using human monocyte cell line P31/FUJ (JCRB0091 , establishes Fujioka, obtained from the Human Science 
Research Resource Bank), the percent inhibition of cytokine production by the test compound was measured. The test 
compound was dissolved in N,N-dimethylformamide to 10 mM and diluted with RPMI-1640 medium to 0.1 mM. Fur- 
thermore, it was prepared with a medium to make a final concentration from 10 \iM to 10 nM by diluting 10-fold, and 
added to the culture. The day before the experiment, the cells were prepared with RPMM 540 medium supplemented 
with 1 0% fetal calf serum to a concentration of 2x1 0 6 cells/ml and plated to a 96-well plate by 2x1 0 5 cells/0.1 ml per 
well. The above-mentioned medium (0.1 ml) supplemented with 40 nM phorbol 12-myristate 13-acetate (PMA) was 
added and the mixture was cultured at 37°C under 5% 00^5% air overnight. The cells were washed with the above- 
mentioned medium to remove PMA and the prepared test compound was added, and LPS and interferon^ were added 
to a final concentrations of 100 ng/ml and 10 U/ml, respectively. After culturing overnight, the concentration of TNF-a 
and IL-1P in the culture supernatant was measured. For quantitative determination of each cytokine, a quantitative 
determination kit by Amersham was used. The results are shown in Table 4, wherein 1C 50 shows the concentration of 
the test compound necessary for inhibiting cytokine production by 50%. 

Table 4 



Compound No. 


ICgoOiM) 




TNF-a 


IL-1P 


4 


0.20 


0.58 


6 


0.15 


0.23 


8 


0.02 


0.011 



40 



45 



50 



55 



Experimental Example 3 Effect against increase in blood nitrogen oxide concentration 

[0134] When a biological defense response against infection and the like, immunopathy and the like causes NO 
production In the body, it is quickly metabolized Into nitrous acid and nitric acid, whereby blood nitrogen oxide concen- 
tration (NOx) increases. Using test animals, the effect of the test compound against increase in blood NOx concentration 
was examined. 

[0135] Female BALB/c mice (7-week-old) were divided into 6-8 mice per group. For the test compound group, the 
test compound was suspended in 0.5% aqueous methylcellulose solution and 1 0 mg/kg thereof was orally administered. 
For the control group, a solvent was similarly administered. One hour later, LPS (10 mg/kg) was intraperitoneally ad- 
ministered to the test compound group and the control group. At 6 h after LPS administration, blood was drawn and 
nitrate ion + nitrite ion concentration in sera was measured. The nitrate ion was converted to nitrous acid ion with nitrate 
reductase and quantitatively measured as a total nitrite ion concentration by fluorescence method using the aforemen- 
tioned DAN. The percent inhibition of the test compound group relative to the control group is shown in Table 5. 

Table 5 



Compound No. 


Blood NO x inhibition (%) 


4 


62 


8 


80 
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Industrial Applicability 



52"^ 

toimmune disease, Htamta TSU * and/or t^atment of diseases such as cardiac disease, au- 
and the like. ,nflammat0, y central nervous system disease, infectious disease, sepsis, septic snock 



Claims 

1 . A compound of the formula: 




(i) 



wherein 



R1 



S u (a) 

^K2S^" m ' ° r ^ ^ ^ fe a h ^ e " — « - optionaiiy substftuted 

J it !n")!.? y,e T 9 "L UP ' 8 nitrDgen at0m ' a sulfur atom ° r » oxygen atom; 

ring A I." 2S f " 9r ° UP ° fan ^"^substituted nitrogen atom- and 

(1) an optionally substituted aliphatic hydrocarbon group 
(2 an optionally substituted aromatic hydrocarbon group 

lydS^ 
(4) a halogen atom; 

Ar is an optionally substituted aromatic hydrocarbon group; 
a group of the formula: 




34 



or the formula: 




m is an integer of 0 to 2; and 

n is an integer of 1 to 3 where the sum of m and n is not more than 4 

provided that when X is a methylene group, Y is an optionally substituted methylene group, 
or a salt thereof. 

The compound of claim 1 , wherein 
R 1 is 

(i) an aliphatic hydrocarbon group -selected from C^o alky! group, C3_ 10 cycloalkyl group, 
cycloalkylalkyl group, alkenyl group and alkynyl group, wherein these aliphatic hydrocarbon 
groups optionally have 1 to 4 substituent(s) selected from the group consisting of heterocyclic group, 
oxo group, hydroxy group, alkoxy group, C^q cycloalkyioxy group, 0^ 0 aryloxy group, Cy_ 19 
aralkyloxy group, heterocyclyloxy group, alkylthio group (the sulfur atom being optionally oxi- 
dized), C3. 10 cycloalkylthio group (the sulfur atom being optionally oxidized), Cq_ 10 arylthio (the sulfur 
atom being optionally oxidized), Cy^g aralkylthio group (the sulfur atom being optionally oxidized), 
heterocyclylthio group, heterocyclylsulfinyl group, heterocyclylsulfonyl group, nitro group, halogen 
atom, cyano group, carboxyl group, C 1 . 10 alkoxy-carbonyl group, cycloalkyloxycarbonyl group, 
C 5-io aryloxy-carbonyl group, Cy. 19 aralkyloxy-carbonyl group, heterocyclic oxycarbonyl group, C^q 
arylcarbonyl group, alkanoyl group, C3.5 alkenoyl group, C^q aryl-carbonyloxy group, C 2 ^ al- 
kanoyloxy group, C3.5 alkenoyloxy group, carbamoyl group (optionally substituted by 1 or 2 substit- 
uent(s) selected from alkyl, phenyl, C^y acyl and C\+ alkoxyphenyl), thiocarbamoyl group (op- 
tionally substituted by 1 or 2 substituent(s) selected from C w alkyl and phenyl) , carbamoyloxy group 
(optionally substituted by 1 or 2 substituent(s) selected from C 1a4 alkyl and phenyl), alkanoylami- 
no group, C^ 0 aryl-carbonylamino group, C 1>10 alkoxy-carboxamido group, C^ 0 aryloxy-carboxa- 
mido group, Cy.-jg aralkyloxy-carboxamido group, C 1 . l0 alkoxy-carbonyloxy group, Cg_ 10 aryloxy- 
carbonyloxy group, Cy. 19 aralkyloxy-carbonyloxy group, C^q cycloalkyloxy-carbonyloxy group and 
ureido group (optionally having 1 to 3 substituent(s) selected from alkyl group and phenyl group) 
(hereinafter substituent group A) and a group consisting of C^ 0 aryl group optionally having 1 to 4 
substituent(s) selected from substituent group A (hereinafter substituent group B), 

said heterocyclic group is a 5 to 8-membered heterocyclic group having, besides carbon atoms, 
1 to 4 hetero atom(s) selected from a nitrogen atom (optionally oxidized), an oxygen atom and a 
sulfur atom, or a fused ring thereof, which optionally has 1 to 3 substituent(s) selected from 
alkyl, hydroxy, oxo and alkoxy, and 

said substituents may form, together with an aliphatic hydrocarbon group, a fused ring option- 
ally having 1 to 4 substituent(s) selected from substituent group B, 

(li) Cq. u aryl group optionally having 1 to 5 substituent(s) selected from a group consisting of halogen 
atom, C,^ alkyl group, alkoxy group, alkoxy-carbonyl group, carboxyl group, nitro group, 
cyano group, hydroxy group, alkanoylamino group, cycloalkyl group, C^ 0 aryl group, hal- 
ogeno alkyl group, halogeno C 1-4 alkoxy group, alkylthio group, alkylsulfonyl group, 
alkanoyl group, 5-membered aromatic heterocyclic group, carbamoyl group, alkyl-car- 
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^C^S^^ 1 -^atom ( s>se.ected 

(v) a group of the formula: »wueni{s} selected from substltuent group B, or 



ring A 



%" (a) 



group and C« alkyny^uTXa^lv havfno^uS ST' ^"V' 8 "* 1 W. P« a.kenyl 
«sa5,o8- m e mb eredHngoptiona,^ 

s&s^^ a- ** gro up, c, 10 gmuPt ^ 

leoted from substituent^oup B P ^ ^ 9roUp ° ptiona,, y ha ™9 substituent(s) » 
selectedfromC. -alkyl group C !i2££. * T ' ° r a " aliphatic «V*«wbon group 



Ar 



<* a any. group optionally having substituent(s) selected from substituent group C; 
the group of the formula: 
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or the formula: 



5 




0>2). 



10 



m is an integer of 0 to 2; and 



n is an integer of 1 to 3 where the sum of m and n is not more than 4. 

3. The compound of claim 1 , wherein the ring A is a 5 to 8-membered ring optionally substituted by lower alkyl, phenyl 
or halogen, R 1 is OR 1a where R 1a is optionally substituted lower alkyl group, and Ar is an optionally substituted 

is phenyl group. 

4. The compound of claim 3, wherein R 1a is an ethyl group. 

5. The compound of claim 3, wherein Ar is a halogeno phenyl group, a lower alkylphenyl group or a phenyl group 
20 substituted by halogen and lower alkyl. 

6. The compound of claim 3, wherein Ar is a group of the formula: 



25 




(c) 



30 



wherein R 3 is a halogen atom or a lower alkyl group and ring B are optionally further substituted by halogen 



atom. 



35 7. The compound of claim 1 , wherein the group of the formula: 



40 





is a group of the formula: 



45 



50 





8. The compound of claim 6, wherein Ar is a group of the formula: 
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(cl) 



wherain R* and R3b are the same or djfferent ^ ^ |& fl ^ 



20 



(b) 



is a group of the formula: 



30 



35 



40 



45 



oc 



(b) 



is a group of the formula: 



50 



h'alTrhaC Jto S m r ,h " ene • " X fe " ^ ~" - Y fe - * * a pheny, group optional^ 



12. Ethyl e^-chlor.M-fluorobenzylJsulfonyQ-l^ohexene-l^a^xylate, 



ethyl (+)-6-((2-chtoro-4-fluorobenzyl)su|. 
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fonyl]-1-cyclohexene-1-carboxylate or ethyl 3-[(2-chloro-4-fluorophenyl)sutfamoyl]-3,6-dihydro-2H-pyran-4-car- 
boxylate. 

1 3. A prodrug of the compound of claim 1 . 

14. A production method of a compound of the formula: 




wherein 

a group of the formula: 




is a group of the formula: 



or the formula: 




(bf). 



0>2') 



R 1 is an optionally substituted aliphatic hydrocarbon group, an optionally substituted aromatic hydrocarbon 
group, an optionally substituted heterocyclic group, a group of the formula: OR 1a wherein R 1a is a hy- 
drogen atom or optionally substituted aliphatic hydrocarbon group, or a group of the formula: 

< R i. • (a) 

wherein R 1b and R 1c are the same or different and each is hydrogen atom, or optionally substituted 
aliphatic hydrocarbon group; 
X 1 is a nitrogen atom, a sulfur atom or an oxygen atom; 

ring A is a 5 to B-membered ring optionally substituted further by 1 to 4 substituent(s) selected from the following 
(1)to(4): 
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(1) an optionalfy substituted aliphatic hydrocarbon group 

(2) an optionally substituted aromatic hydrocarbon group 

(4) a halogen atom; 

R* tea hydrogen atom or an optionally substituted lower alkyl group- 

18 an optionally substituted aromatic hydrocarbon group- 
m is an integer of 0 to 2; and " 

n is an integer of 1 to 3 where the sum of m and n is not more than 4, 
or a salt thereof, which method comprises reacting a compound of the formula: 




(ID 



wherein * is a leaving group and other symbois are as defined above, or a salt thereof and a compound of the 



(no 



wherein each symbol is as defined above, or a salt thereof. 
15. A production method of a compound of the formula: 



0 

c-r' 



db) 



^CH^SOj-YJ-Ar 



wherein 



R1 



groTanCS 

, ° pt,0na,| y substltute <l heterocyclc group, a group of the formula: OR* wh erein m a is a hv 
drogen atom or opt^naHy substituted aliphatic hydrocarbon group, or a group of tnetZ.a 



R ,e (a) 

ath^CnSLXT e ° rd ^ 

is a methylene group, a nitrogen atom, a sulfur atom or an oxygen atom; 
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ring A is a 5 to B-membered ring optionally substituted further by 1 to 4 substituent(s) selected from the following 
(1)to{4): 

(1) an optionally substituted aliphatic hydrocarbon group, 

(2) an optionally substituted aromatic hydrocarbon group, 

(3) a group of the formula: OR 2 wherein R 2 is a hydrogen atom or an optionally substituted aliphatic 
hydrocarbon group and 

(4) a halogen atom; 

Y 1 is an optionally substituted methylene group; 

Ar is an optionally substituted aromatic hydrocarbon group; 

a group of the formula: 



is a group of the formula: 



x (b1) 



or the formula: 



(b2> 



m is an integer of 0 to 2; and 

n is an integer of 1 to 3 where the sum of m and n is not more than 4, 

or a salt thereof, which method comprises reacting a compound of the formula: 



TOhT " ov) 




o 

C-R 1 



wherein Z 2 is a leaving group and other symbols are as defined above, or a salt thereof, and a compound of the 
formula: 
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HS— Y— Ar (VI) 

wherein each symbol is as defined above, or a salt thereof, and oxidizing the obtained sulfide. 
16. A pharmaceutical composition containing a compound of the formula: 




(CH 2 ]j^SO r y-Ar 



wherein 



l,?n T. ? SU ^ ed ali P hatic hydrocarbon group, an optionally substituted aromatic hydrocarbon 
IZL * ° P ^ Substituted heterocyclic group, a group of the formula: ORia wherein Ria is a hy . 
drogen atom or an optionally substituted aliphatic hydrocarbon group, or a group of or the formula- 



"Si 10 « 

Z^ZZZ7Z sm * or different and each is a hydro9en atom °< an — 

X is a methylene group, a nitrogen atom, a sulfur atom or an oxygen atom- 

rinn a ! ! a c t op * lona,, y i substltute d methylene group or an optionally substituted nitrogen atom; and 

(1) an optionally substituted aliphatic hydrocarbon group, 

(2) an optionally substituted aromatic hydrocarbon group 

hydmcZn^^ 
(4) a halogen atom; 

Ar is an optionally substituted aromatic hydrocarbon group; 
a group of the formula: 

is a group of the formula: 
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15 




m Is an integer of 0 to 2; and 

n is an integer of 1 to 3 where the sum of m and n is not more than 4, 

20 provided that when X is a methylene group, Y is an optionally substituted methylene group, 
a salt thereof, or a prodrug thereof. 

17. The pharmaceutical composition of claim 16, which is an agent for suppressing nitric oxide (NO) and/or cytokine 
production. 

25 

1 8. The pharmaceutical composition of claim 1 6, which is an agent for the prophylaxis ortreatment of a cardiac disease, 
an autoimmune disease or septic shock. 

19. A method for suppressing nitric oxide (NO) and/or cytokine production, which method comprising administering 
30 an effective amount of the compound of claim 1 or a prodrug thereof to a mammal. 

20. A method for treating a cardiac disease, an autoimmune disease or septic shock, which method comprising ad- 
ministering an effective amount of the compound of claim 1 or a prodrug thereof to a mammal. 

35 21 . Use of the compound of claim 1 or a prodrug thereof for the production of an agent for suppressing nitric oxide 
(NO) and/or cytokine production. 

22. Use of the compound of claim 1 or a prodrug thereof for the production of an agent for the prophylaxis ortreatment 
of a cardiac disease, an autoimmune disease or septic shock. 

40 



50 
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